The use of chemical insecticides in the control of insect pests has left in its wake resistance of some pests to some of the conventional insecticides. Alternative methods of managing pests such as cultural control have to be employed to reduce pest infestation of crops. Onion was used in an intercrop as a non host crop to manage the pests of cabbage. The experiment was conducted in a Randomized Complete Block Design with four treatments; sole cabbage (T1), 2 rows of cabbage to 1 row of onion (T2), 3 rows of cabbage to 1 row of onion (T3) and 4 rows of cabbage to 1 row of onion (T4), each of which was replicated three times. Data were collected on pests' numbers, plant height, damaged leaves at harvest, canopy spread, number of damaged heads and fresh weight. Significantly fewer Bemisia tabaci, Hellula undalis and Brevicoryne brassicae infested the intercropped plants than the sole crop. However, intercropping cabbage with onion did not significantly reduce Plutella xylostella population on cabbage. Number of damaged heads, fresh weight and damaged leaves were significantly different (P< 0.05).
Introduction
Cabbage, Brassica oleracea L. is an exotic leafy vegetable grown in many tropical areas in Africa. It is a biennial potherb, but is usually cultivated as an annual. It grows best in mild to cool climates (Cabbage, 2010 Encylopaedia Britannica) . Structurally, cabbage has a short thickened stem surrounded by a series of overlapping expanded leaves which form a compact head (Rice et al., 1986) . Cabbage is often used in stews, boiled in soups and also eaten fresh as an ingredient of salads (Van der Vossen and Seif, 2004) . According to Norman (1992) , cabbage is nutritionally a rich leafy vegetable. Per 100g of raw cabbage, the nutritional values are: 21 cal energy, 1.2 g protein, vitamins and some minerals such as potassium, phosphorus, magnesium and sodium.
The nutritional value and succulent nature of cabbage has attracted many insect pests which feed on it. The insect pest complex associated with cabbage include aphids, Aphis brassicae, diamondback moth, Plutella xylostella , the cabbage webworm Hellula undalis, the cabbage looper, Trichoplusia ni (Chalfant et al., 1979; Shelton et al.,1982; Mochiah et al., 2011) , and the white fly , Bemisia tabaci. These pests damage the cabbage head by making holes in the leaves, destroying the growing buds and tunnel into mature heads. The feeding activities of these pests reduce the quality of cabbage heads and subsequently its market value, leading to financial loss to the farmer.
The destructive nature of cabbage pests necessitates the application of control measures to minimize the effects of these pests. Chemical insecticides have been used against insect pests in vegetable crop production. However, several problems are associated with the use of chemical insecticides. These include the development of resistance, environmental contamination, and increased health hazards to applicators and dangers to consumers of high toxic residues. The rapid increase in the numbers of these pests necessitates the application of high doses of pesticides (Kim et al., 2001) . The use of insecticides in vegetable production is on the increase despite the problems associated with their use. Insecticide resistance is the underlying cause of insecticide dependency among farmers. This has resulted in farmers using more powerful insecticides to be able to control these pests. Roush and Tabashnik (1990) stated that the use of insecticides has resulted in the evolution of resistance in more than 440 insect species and mites worldwide. Perez et al. (2000) assessed the insecticide resistance to several insecticides of five insect pests including P. xylostella and Spodoptera exigua attacking field and vegetable crops in Nicaragua and observed that P. xylostella showed resistance to cypermethrin, deltamethrin, thiocyclam and methamidophos.
The concept of intercropping involves the cultivation of two or more crops simultaneously on the same field. The rationale behind intercropping is that the different crops planted are not likely to be attacked by the same pests. The commonest goal of intercropping is to produce a greater yield on a given piece of land, making use of resources that would otherwise not be utilized by a single crop. Intercropping reduces pest population because of the diversity of crops grown. When other crops are present in the field pests movements are hindered. According to Sullivan (2003) , if susceptible plants are separated by non-host plants that can act as a physical barrier to the pest, the susceptible plant will suffer less damage.
The use of synthetic chemical insecticides have been effective in controlling pests, but the continuous use pose harmful effects like residual contamination of the produce, environmental pollution as well as pest resistance. There is therefore the need to seek alternative methods of managing pests. Intercropping, in combination with organic farming provide an alternative means of managing pests. The study therefore assessed the role of intercropping and organic farming in the management of major pests of cabbage.
Materials and Methods

Study area
The experiment was conducted on an experimental farm of the Department of Theoretical and Applied Biology, Kwame Nkrumah University of Science and Technology, Kumasi from December 2010 to April 2011. The area falls within the forest zone of Ghana and is characterized by relatively high annual rainfall of about 730 mm and annual minimum and maximum temperatures of 21.5 o C and 32.1 o C respectively (Addo-Fordjour et al., 2007) . The soil type is sandy loam and the topsoil is about 0.3 m deep.
Cabbage and onion seeds were obtained from an Agrochemical shop. They were nursed separately in the Greenhouse until ready for transplanting. The farming system used in the study was strictly organic. This system excluded the use of insecticides, growth hormones and any other synthetic chemical used in modern farming systems. No fertilizer was applied throughout the growth of the plants.
Experimental design
Twelve experimental beds each measuring 4.5 m x 1.5 m were raised, each separated by 0.5 m alley. The experiment was conducted in a Randomized Complete Block Design (RCBD) with four treatments each of which was replicated three times. The treatments were sole cabbage (T1); 2 rows of cabbage intercropped with 1 row of onion (T2); 3 rows of cabbage intercropped with 1 row of onion (T3) and 4 rows of cabbage intercropped with 1 row of onion (T4). Cabbage and onion seedling were transplanted 3 weeks after germination. The square planting distance was used. Distance between the cabbage plants, both within and between rows was 0.45 m and the row intercropping was used. There were 30 cabbage plants on each bed, both on the sole cabbage and any of the intercropping options. Management of weeds was done periodically by manually uprooting them.
Data collection
Data were collected on the following parameters on cabbage: pests' species and numbers, canopy spread, plant height, number of damaged heads at harvest, numbers of damaged leaves at harvest and fresh weight of cabbage heads. At each sampling for insect pests, five cabbage plants were randomly sampled from the inner row. The leaves of the sampled plants were carefully examined for insect pests. Insects collected were placed separately in Kilner jars sent to the laboratory, counted and their numbers recorded.
Canopy spread
Measurement of canopy spread was done at the time of harvest with a metre rule. The spread of canopy was measured as the horizontal distance from one end of the plant to the other i.e. the two most outspread and directly opposite leaves of the plant.
Plant height
Plant height was measured from the soil surface to the apex of the plant. The highest point reached by the plant was recorded as the height of the plant.
Number of damaged leaves and heads
At harvest the number of damaged leaves per cabbage plant were counted and recorded. Damaged leaves were removed from the rosette, one after the other until no damaged leaf was found. The numbers of damaged heads that were not able to form marketable heads were counted, recorded and the means calculated. Five cabbage heads were randomly sampled from each bed and weighed on a top pan balance. This was done for each treatment and the mean for each was calculated and recorded.
Data analysis
Data collected were analyzed using the general Linear Model (GLM) procedure of SAS (SAS, Institute, 2005) . Number of insects count were log (x+1) transformed. Comparison of the means was done using the Student Neuman-Keul's (SNK) test. Significant difference was set at P ≤ 0.05.
Results
Insect pests encountered on cabbage
During the growth of the cabbage plant a number of insect pests were identified attacking the plant. These include the diamondback moth Plutella xylostella (L), the cabbage aphid, Brevicoryne brassicae (L.), the cabbage webworm, Hellula undalis (F.), the whitefly, Bemisia tabaci (Genn.) and the cabbage looper, Trichoplusia ni (Hübner). These pests attacked the plant at different growth stages of the plant.
P. xylostella was observed on cabbage at 4 weeks after transplanting (WAT) and remained on the plant till harvest. P. xylostella numbers were largest on the sole cabbage plots (T1) which were the control plots and least on T4 plots (i.e. 4 rows of cabbage to 1 row of onion). However, the numbers of P. xylostella on the intercropped plots and the sole cabbage plots were not significantly different (P= 0.063) ( Table 1) . B. brassicae was observed at 2 WAT. Their numbers ranged from a mean of 34 on sole cabbage to 17.3 on 4 rows of cabbage to 1 row of onion (T4); the difference was significant (P= 0.004). However, B. brassicae numbers on sole cabbage (T1) and two rows of cabbage to one row of onion (T2) were not significantly different (Table 1) .
Bemisia tabaci was observed at 6WAT. Their numbers decreased consistently from the sole cabbage, T1 to four rows of cabbage to one row of onion, T4. Even though generally low numbers were recorded on all plots, many more were recorded on the sole cabbage plots than the intercropped plot. Intercropping cabbage with onion significantly reduced and not reduce the numbers of this pest on cabbage (P= 0.002). Cabbage webworm H. undalis appeared on the plant at 6 WAT, which was relatively late in the growth of the plant. They were most abundant on the sole cabbage plots and completely absent on 4 rows of cabbage to 1 row of onion (T4).Significant differences in numbers existed among the intercropped plants and the sole cabbage plants.
The cabbage looper, T. ni was also observed on the plant at 6 WAT, with the largest number infesting the sole cabbage, whilst the T4 plots were least infested. However, the observed differences were not significant (P= 0.164). Thus intercropping did not reduce the population of this pest on cabbage.
Effects of intercropping system on growth, damage by pests and yield of cabbage
The effects of intercropping on growth parameters and damage by pests are shown in Table 2 . Plant height ranged from a mean of 28.73 cm on four rows of cabbage and one row of onion (T 4) to 30.09 cm on the sole cabbage plots (T1). It was observed that intercropping did not significantly affect plant height (P=0.620). Mean canopy spread on the plots did not differ significantly (P=0.992). As a consequence of heavy pests attack, the mean number of damaged leaves at harvest was largest on the sole cabbage plots (T1) but least on 4 rows of cabbage to 1 row of onion (T4) (P=.021).There was however, no significant differences in leaf damage among the intercropped plants (Table 2 ). Mean number of damaged heads was least on 4 rows of cabbage to1 row of onion (T4) and largest on 2 rows of cabbage to 2 row of onion (T2). Mean fresh weight of cabbage heads were significantly heavier on the intercropped plots than on the sole cabbage plots (Table 2) .
Discussion
Cabbage is an important leafy vegetable which forms an important component of the diets of many African countries. However increased production of this crop is being hindered by pests' attack. The stage of growth of the plant at which pests attack the crop is very significant to the survival of the crop. Cabbage plants that were infested early could not completely survive the attack and as a consequence produced smaller and lighter heads. Even though intercropped cabbages recorded lower numbers of P. xylostella, these were not significantly different from that recorded on the sole cabbage. This finding lends support to the report by Lingappa et al. (2006) , who stated that intercropping is not reliable in controlling diamondback moth. Asare-Bediako et al. (2010) , however, stated that intercropping cabbage with non-host crops such as onion and tomato significantly reduced P. xylostella numbers on cabbage. In their study however, the chemical insecticide Dursban (chloropyrifos) was used to spray the plants whilst in the current study the farming practice was purely organic where no insecticide was used.
Aphids attack the tender leaves of cabbage plants and secrete honeydew which accumulates on leaves leading to growth of sooty mould which affected the yield of cabbage (Blackman & Eastop, 2000) . Thus the reduction of B. brassicae numbers on the intercropped plants subsequently led to a reduction in damaged leaves. The significantly lower numbers of B. brassicae on the intercropped plants was attributed to the confusing olfactory and visual cues offered by onion which reduced their ability to disperse. Sankar et al. (2007) stated that intercropping cabbage with garlic and onion significantly reduced the population of aphids on cabbage. Similarly, Said and Itulya (2003) indicated that the odour from onion is able to repel P. xylostella from settling on cabbage when in an intercrop. Garlic and onion produce a pungent alliaceous compound, allyl-epropyl-disulphide, which is responsible for its pest repellent attribute.
Intercropping also reduces pests attack because the non host crop act as physical barriers to the movement of insect pests (Sheehan, 1986) . Studies conducted by Bach and Tabashnik (1990) in Hawaii found that cabbage interplanted with tomato contained lower numbers of P. xylostella larvae and higher levels of parasitism compared with monoculture cabbage. High temperatures and low rainfall promote the increase in numbers of P. xylostella and B. brevicoryne. However, during the months of February and March, there were unusually heavy rains which were an important mortality factor washing off the eggs, larvae and nymphs from the leaves. This phenomenon was thoroughly studied by and reported by Kobori and Amano (2003) who observed that 1 hour of stimulated rain resulted in 95.3% drop off of 1 st instar, 72% of 2 nd instar, 60.7% 3 rd instar and 42.7% 4 th instar of P. xylostella. This was an indication that heavy rainfall reported during those months resulted in heavy mortality. Warm and dry weather are particularly favourable for rapid development of cabbage pest such as aphids (Horna et al., 2006) and P. xylostella.
In cabbage one important factor that determines the marketability of the crop is the extent of damage to the head. Cabbage heads that are heavily infested by pests are less attractive to buyers. The intercropped cabbage recorded significantly lower numbers of damaged leaves. However, with the exception of T4 which recorded fewer damaged leaves, the other intercropped plots recorded numbers of damaged leaves which were not significantly different from the sole cabbage. In the study, the highest marketable yield was recorded on T4 and least on T1 (sole cabbage). In some instances, intercropping results in loss of weight in vegetable plantings (Theunissen et al., 1995) . However, in the current study, intercropping resulted in increased weight in cabbage. According to Cerruti et al. (2002) , from an economic point of view any increase in quality due to intercropping must be sufficient to compensate for lower number of heads or intercropping systems may only be practicable in systems where quality is of greatest importance. In the current study it was observed that as a result of reduction of pests numbers on the intercropped cabbage an increase in yield of 11.03% to 50.1 % were recorded compared with the sole cabbage. Lotz et al. (1997) however, reported a reduced yield of cabbage of 15-24% when intercropped with clover due to competition between the two crops. It therefore means that non-host crop in an intercropping must be carefully selected in order not to compete with the main crop for essential nutrients.
Conclusion
The results of this study indicated that onion can be used as an intercrop in the management of cabbage pests. The fact that reduction in pests' numbers and significant increase in yield were achieved without the use of insecticides was an indication that when adopted by the small to medium scale African farmer it would improve yield and increase the incomes of farmers. In the current study, it was observed that in an intercrop, the secondary crop needs not occupy much area of the available land to produce the desired effects. Hence intercropping every four rows of cabbage with one row of onion will serve as an effective pest management strategy and effective land use. 
